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General

This is the final report for NASA grant NAGl-168 covering the period of 9/1/81 to 1/15/95.

Personnel

This grant supported in full the following graduate students:

1. Zafer G/irdal, Ph.D 1984, presently Associate Professor of Engineering Science and Mechanics at

Virginia Tech.

2. Rajiv Thareja, Ph.D 1986, presently with Lockheed Engineering and Science Corp. Hampton

Virginia.

3. Paras Mehta, M.S., 1987, presently at Ford Motor Company, Dearborn, Michigan.

4. Yung Shin, Ph.D, 1988, presently an Associate Professor at Hua University in Korea.

5. Uma Madapur, M.S., 1988, presently with Abacus, Providence, Rhode Island.

6. S. Sankaranarayanan, Ph.D., 1992, presently working as a contractor for Ford Motor Company in

Dearborn, Michigan.

7. Somanath Nagendra, Ph.D 1993, presently at General Electric Corporate Research Center, Sch-

enectady, New York.

8. Pradeep Sensharma, Ph.D 1993, presently at Designers_:Planners, Arlington, Virginia.

9. Rodolphe Le Riche, Ph.D 1994, presently serving in the French Army.

In addition the grant provided partial support to the following students.

1. Yehuda Katz, visiting student from the Technion in Israel.

2. Delphine Jestin, visiting student from the Technological University of Compiegne, France.

3. Willem Roux, visiting student from the University of Pretoria, South Africa.

4. Marco Lombardi, MS 1994, now completing his Ph.D at the University of Pavia, Italy.

5. Satish Haryadi, Ph.D student at Virginia Tech.

6. Vladimir Balananov, Ph.D student at Virginia Tech.

The grant also supported Post Doctoral Associates:

1. Peter Harrison, still at Virginia Tech.

2. Pradeep Sensharma, presently at Designers and Planners, Arlington Virginia.

Summary of Technical Accomplishements

Optimization Methodology

Composite Structures offer the designer a great deal of flexibility to tailor the design to the particular
requirements of the structural problem. However, unlike metal structures they can have very little

resistance to conditions which has not been designed for, such as damage. Work under the grant

demonstrated this vulnerability (Ref. 1), but showed that when damage is taken into consideration

early in the design process, the design can be made damage tolerant with little mass penalty. Work

under the grant also established that composite panels can have a large number of different near

optimal designs (Ref. 2). Design for damage tolerance requires consideration of a large number of



possibledamagedconfigurations,andmethodsthat permit efficientoptimizationagainstdamage
weredeveloped(Ref. 3,4).
Compositelaminatesaretraditionallydesignedbyusingcontinuousoptimizationtechniques.Final
designsarethenroundedto an integernumberof plies.Thisoftenleadto non-optimaldesignsand
fails to find themultiplenearoptimaldesignsthat wouldbe of interestto the designer.Thefirst
difficulty canbesurmountedby usingintegerprogrammingtechniques.The workunderthe grant
developedseveraltechniquesfor usingbranch-and-boundsearchfor designinglaminatestacking
sequences(Refs. 5,6). However,sincebranchand bound techniquesdo not providemultiple
designs,the emphasisshiftedto the useof randomsearchtechniques.Simulatedannealingwas
checkedandfoundwanting(Ref.6), but geneticalgorithmsprovidedmultipledesignsat somewhat
high computationalcost. An intenseeffort ensued(Refs. 8-17) to developa geneticalgorithm
whichcanefficientlyobtain designsof compositelaminates.The resultingalgorithmhasspecial
featuressuchasa permutationoperatortailoredto the particularitiesof compositelaminate. In
recentlycompletedwork (Ref. 18), the geneticalgorithmfounda largenumberof designswhich
werelighter than previouslyobtained(Ref. 19)continuousoptimumby asmuchaseightpercent.

A secondoptimizationmethoddevelopedunder the grant wassimultaneousanalysisand design
(SAND).SAND caststile analysisand optimizationproblemsasa singleoptimizationproblem
whereboth displacementanddesignvariablesareobtainedsimultaneously.This methodwasfirst
suggestedin the 1960sandabandonedbecauseof excessivecomputationalcost.Underthegrant it
wasshownthat with modernalgorithms,theSANDapproachis competitivefor generalproblems
(Refs. 20-25). It is particularly attractivefor topologyoptimizationproblemswherethe number
of displacementdesignvariablesis not muchlargerthan the numberof structural designvariable
(Refs.26,27). Theapproachwasusedto identify the internalstructureneededfor thehigh speed
civil transport (Ref. 28).

A third optimization approachexploredunder the grant was the homotopymethod(Refs. 2,
29-31). This approachallowsus to obtain in a singleexecutionsolutionsfor a whole rangeof
a singleparameter. This appraochwasusedto obtaincompositepanelsdesignedfor maximum
bucklingloadfor a rangeof weightbudgets.Thisapproachisparticularlypowerfulwhenthe setof
optimaldesignsof astructuralcomponentneedsto beexploredfor incorporationin amorecomplex
structure.

Finally, work under the grant includedalsothe developmentof an optimizationpackageNEW-
SUMTA (Ref. 32), the explorationof the relationshipbetweensingle-leveland multi-levelop-
timization (Ref. 33, 341),surveysof optimizationmethods(Ref. 35, 36) and optimization for
improvedreliability (Ref. 37).

Design of Panels with Cutouts

Composite materials can be more sensitive than metal structures to the effect of cutouts because in

metal structures plastic flow permits more easily load redistribution after local failure. The work

under the grant developed methods for designing panels with cutouts. This work had a substantial

experimental component, and it was performed jointly with the grant monitor Dr. James H.

Starnes, Jr.

Early work on the grant (Refs. 38-43) focused on the design of composite plates with slots (simulat-

ing cracks). A failure model based on microbuckling was developed and verified by tests. Sensitivity
derivatives for boundary conditions typically applied in compressive tests were also developed and

used in an optimization procedure.

Next the work shifted to the design of composite plates with circular holes. Work with unstiffened

panel revealed that stiffening the hole area was not effective, but that removing 0-deg material from



that regionimprovedstrengthat the sametime that it reducedweight(Ref. 44).

For the designof stiffenedcompositeplate with a circularhole,a local-globalprocedureusinga
finiteelementproram,EAL, togetherwith a paneldesigncode,PASCO,wasdeveloped(Ref. 19).
The approachpermits the useof the efficientbucklinganalysisin PASCOtogetherwith finite
elementanalysisof localstressesnearthe hole.Someof the designsweretestedin the laboratory,
with goodagreementbetweenexperimentalresultsandanalyticalmodels(Ref. 45).
Work wasalsoconductedon reducingthe stressconcentrationnear the hole by variablefiber
orientation(Ref. 46), andby inducedstrainactuationusingpiezoelectricactuators(Ref. 47-50).
Finally,work isongoingon theuseof acombinedfinite elementandRitz procedurefor calculating
inexpensivelythestressfield neara hole(Ref. 51).

Miscellaneous

Workunderthe grantalsoincludedthe studyof aeroelasticoptimizationof a sweptforwardwing
togetherwith Mark ShuartandRichardCampbellof NASALangley(Ref. 52),andthe studeyof
postbucklingof unsymmetricallylaminatedcompositeplate (Refs.53-54).
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